Plan of studies. As in the earlier studies from this laboratory' our observations were made on unclothed male subjects in a semi-reclining position, placed in a copper booth, so arranged that air temperature and radiation from the copper walls could be independently varied. In each experiment the heat interchange between the body and the environment has been analyzed into its five factors-metabolism, radiation, convection, evaporation, and storage -by methods described in detail in the papers cited.
General results. The present study is based on some 300 different experiments and to save space the results are presented in table 1 in the form l Winslow, Herrington and Gagge, 1936a and b, and 1937; Gagge, 1936; Herrington, Winslow and Gagge, 1937 The headings of the columns and the method of computing the various factors are explained in a footnote to the table and in the text below.
It will be noted that air temperatures varied from 16.6OC. to 37.9"C., and relative humidities from 14 to 80 per cent of saturation. Heat losses by radiation and by convection were, throughout, of almost exactly equal magnitude and, of course, both types of heat loss increased with decreasing environmental temperature according to principles whose oper- Open circles, low humidity.
ation was made clear in our earlier studies. Heat loss by evaporation varied widely in a fashion to be discussed below.
Evaporative heat loss in relation to atmospheric humidity. In order to elucidate this point, we have plotted in figure 1 the data for evaporative heat loss for each of the three subjeets in relation to atmospheric temperature.
All groups of experiments with a relative humidity below 40 per cent are plotted as open circles and all groups with relative humidit,ies higher than 40 per cent as closed circles.
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- 87  97  99  86  104  100  70  93  103  57  72  62  51  77  52  77  63  90  48  48  35   1  -9   12  16  28  40  42  51  51  60  50  14  11  11  17  14  26  16  28  23  63  75  100 * The first column gives the subject and the experimental group. The dry bulb temperature (TA) and the relative humidity (as a per cent) appear in the next two columns. The skin temperature (Ts) is a mean for the whole body and represents a weighted mean of 15 segmental observations. The body temperature (TB) is measured rectally. The metabolism (M) is measured by the rate of oxygen consumption. The total evaporative loss (E) is derived from the rate of weight loss. The radiation loss (R) and the convection loss (C) have been calculated from the usual formulae using the constants indicated in a previous table.
The true storage (S) has been found by difference. The conductance (Cond,) represents the mean heat flux through the skin surface per degree of gradient fall to the skin temperature. It is calculated from the equation;
where A is the DuBois or total area of the body.
The heat lost by evaporation in the respiratory tracts has been calculated from the lung ventilation assuming that the exhaled air is saturated and at body temperature.
The "skin evaporation" represents that evaporation taking place on the skin surface alone and is measured by the difference between the total evaporation and the respired evaporation. The evaporating power of the air is proportional to the heat lost to the environment by a unit area of exposed liquid surface at skin temperature.
The "per cent of wettedness" represents the ratio of the skin evaporation per unit area to the evaporating power.
If measures the fraction of the maximum possible sweat secreting surfaces that are actually stimulated.
For conditions I-9, IV-22, and VII-22, the measured total evaporation per hour was 93, The second fact brought out by figure 1 is that the relative humidity of the atmosphere, within the limits studied, seems to have no appreciablr influence upon the magnitude of evaporative heat loss so long as physic.a.1 conditions permit an evaporative balance. The open and closed circles in the graphs show no divergence, both alike exhibiting the sa.me relationship to atmospheric temperature.
Physiological control of sweat secretio,n. It is, of course, obvious that this identical evaporative heat loss, at a given air temperature but with widely varying humidities, calls for a physiological explanation. If the surface of the body maintains the same physiological characteristics, there would necessarily be less evaporation with high relative humidity.
The rate of evaporation from a unit surface of water is proportional to t,he difference between the vapor pressure of the liquid and the vapor pressure of the surrounding air and to the degree of air movement. The constancy of evaporative heat loss with varying relative humidity must be maintained, therefore, by changes in sweat secretion.
In a previous paper (Gagge, l937), a new physiological variable has bee11 described which gives a measure of the extent of wettedness on the total exposed surface of t,hc body. This variable is defined by t,hc cqua~tiol~
where E is the total evaporation from the body; A is the IM3ois area: w represents that fract,ion of the body surface which, if cornpletlely wetted, would produce the observed tot,a,l evaporative E; ,u is the proportionalit!J factor depending on the physica. nature of the evaporat#ivc processes; E(&) and e(TA) are the saturation \rapor pressures at skin temperature and air temperature, respectively; (rh) is the relative humidit,y of the air in terms of a fraction. The value for (wp) above is computed for the body as a whole. By subtracting the evaporative heat loss of the respiratory tract (computed from lung ventilation, see table 1) from the total evaporation, we may obtain :I value of (wp) for the skin surface alone.
It has been shown (Gagge, 1937) If we then define w as unity or 100 per wetted area, equation (1) becomes (2) where E now is the net evaporation from the skin surface only. Therefore, dry bulb (TJ, and relative humidity (rh). The evaporating power, 6, and the area of wettedness as a percentage, w, both calculated by the above formula, have been entered in the last two columns of table 1. In figure 2, this factor of "wetted area," w, is plotted against air temperature for the high and the low atmospheric relative humidities. Here we see a quantitative expression of the factor by which constant evaporation is maintained at a given air temperature with either high or low relative humidity.
That there must be a change in sweat secretion to account for a constant evaporation with varying moisture-demands of the atmosphere is, of course, obvious. The closeness of the quantitat,ive results obtained is, however, striking. At air temperatures under 26.7" for subject I, 29.4" for subject IV, and 30.6" for subject VII, the "wetted area" remains low-about 5 to 20 per cent-irrespective of atmospheric humidity.
Above these critical points, however, the values for high and low humidity follow completely different lines. With low humidity, even at air temperatures of 37.8", the wetted area only reaches 40 to 60 per cent of the maximum possible wetted area. With high humidity at 34.2"C., on the other hand, it rises sharply to 100 per cent.
There is obviously an extremely delicate and perfect mechanism at work which increases the discharge of sweat so as to exactly balance the decreased moisture-demand of a humid atmosphere and thus to maintain evaporative heat loss at a desirable level.
Circulatory changes in the skin in relation to atmospheric humidity. Since secretion of sweat increases with air temperature and with air humidity, it might be expected that the cutaneous blood supply would increase under the same conditions.
In a previous study (Winslow, Herrington and Gagge, 1937) , we have shown that the conductance of the surface layers of t0he skin may be computed from the surface area of the body, metabolism, st,orage, rectal temperature and skin temperature, and represents heat flux through the skin in kilogram-calories for each degree Centigrade fall in temperature per square meter per hour. This factor depends upon the intrinsic character of the tissues of the individual (as modified by various amounts of fat) and upon the blood flow through the skin.
The conductance appeared, on analysis of our data, to be materially higher (for a given air temperature) with high atmospheric humidity than with low atmospheric humidity.
General picture of relationship for all subjects. Since the reactions of the three different subjects are, in general, so similar we have combined the results for all three in table 2, computed for all groups of experiments conducted with approximately similar conditions of atmospheric temperature and humidity.
Metabolism and heat loss by evaporation have been computed per square meter of body area to make the subjects comparable and values for conductance and wetted area are already on a basis of unit body surface.
The data are divided into six groups, from the standpoint of atmospheric temperature (l&6"-21.0", 21.1"-26.6", 26.7"-32.1", 32.2'-34.9", 3&O"-37.7", and 37.8' and over) and into the usual two groups as to atmospheric humidity.
As atmospheric temperature rises (both for low and high humidity) we observe the usual rise in body temperature, skin temperature, and evaporation ratle. Conductance and wetted area also increase steadily with air temperature, except for conductance at Oemperatures over 37.8'-a value based on a single group of experiments.
Comparison of the two halves of t (he table gives (group I), we have only high humidity conditions, and for air temperatures over 34.9" (groups V and VI), only low humidity conditions. For the three sets of air temperatures between 21.0' and 34.9", however, two sets of conditions are available-for low and high relative humidity, respectively, but with metabolism, air temperature, mean body temperature and mean skin temperature for the two humidity groups practically identical (with a single exception as to skin temperature to be noted later). - Comparing the figures we note, first, that total evaporation rate is completely unaffected by relative humidity of the atmosphere. The rates are 14 and 12 for group II, 19 and 20 for group III, and 39 and 36 for group IV-the first figure in each case being for low and the second for high atmospheric humidity.
In the second place, wetted area is almost identical for both humidities for group II (12-13 per cent) where secretion of sweat is minimal; while for group III the value rises from 16 with low humidity to 26 with high humidity; and for group IV from 37 wit#h low humidity to 74 with high humidity.
Conductance of the skin is through-out higher with high relative humidity (15.0 against 19.4 for group II; 15.0 against 33.0 for group III, and 27.4 against 53.2 for group IV). Figure 3 , plotted from the data in table 2, brings out the close parallelism between the two factors of skin conductance and wetted area. This conductance is striking in view of the fact that these factors are computed from quite independent experimental data. Skin conductance depends on metabolism, storage, body temperature and skin temperature; wetted area on weight loss, skin temperature, air temperature, and atmospheric humidity.
When, in addition, one recalls that air temperature and skin t,emperature were, in general, the same for both high and low atmospheric humidities, it seems clear that the body responds very definitely to high atmospheric humidity by an increased blood supply to the skin and an increased secretion of sweat-a process rative heat loss at the desirable level. Two alternatives suggest themselves as possible explanations of the mechanism of this process. It may be th .at slight rises of skin temperature do actually occur which stimulate sweat secretion and lead to a prompt return of skin temperature to normal. Or the moisture content of the nicely adjusted to maintain evaposkin as influenced by evaporation may have a stimulating influence.
Whether the fall in conductance and sweat secretion for group VI is significant we are not certain. As stated above, there was but one group of experiments under this condition, with an abnormally low metabolism.
Limits to the cooling power of the evaporative mechanism. The power of the body to adjust its heat losses in a hot environment has, as we have seen before, its definite upper limits and the data already obtained make it possible to calculate these limits with a reasonable degree of precision.
The heat interchanges of the body for a condition of equilibrium may be expressed as follows :
and E = Total evaporative heat loss, CR + c> = Combined heat loss by radiation and convection.
From our previous studies (Winslow, Herrington and Gagge, 1937) we know that where (R + c> = Ko(Ts -To),
and T S = Skin temperature, T 0 = Operative temperature.
With wall and air of equal temperature and standard air movement (17 feet per minute), To is the same as TA (air temperature).
Furthermore, if we divide all factors by the DuBois area we can express our results per square meter of body surface. Equation (3) then becomes, per unit area,
We know from our previous work that M (metabolism per square meter of body surface) is 47 kilogram-calories per hour4 and that K o is 8.45. With these data, and transposing, we have E' = 47.0 -8.45 (T,--TA).
From equation (1) we have Combining (6) and (7) and solving for the humidity (rh) we have RH = 100/c(TA) c(Ts) -47*o -";;y -T*)].
Equation (8) describes the interrelationship between the four variables, Ts, TA, RH (as a percentage) and (wp), under all conditions where regulation may be maintained, i.e., when storage is zero.
In a previous communication, one of us (Gagge, 1937) has shown that at the upper limit of regulation by sensible perspiration, (wp) has a maximum and constant value of 29.9 kilogram-calories per square meter per hour per centimeter of Hg vapor pressure for the total body.
If we assump that at the upper limit the skin temperature is 35.6"C., the mean temperature corresponding to a loo-per cent wetted area in table 1 for our three subjects, we may now substitute these values in (8) From equation (9) one may compute for any air temperature the relative humidity which will correspond to t#he upper limit of evaporational cooling.
This has been done in table 3. Houghten and Yagloglou (1924) that saturated air at 32.2" is the "upper limit of man's ability to compensate for atmospheric conditions" in still air. They are also in close accord with the reports of Cadman and Haldane (British Departmental Committee, 1909) . Cadman states that at 29.4" wet bulb temperature, the body temperature invariably rises, while at 33.9O wet bulb, "one is in a terrible state"; Haldane, that at 31" to 32" wet bulb "in fairly still air the body temperature begins to rise, even in tlhc case of persons stripped to the waist and doing no work; and when air is saturated this rise continues until symptoms of heat stroke arise."
SUMMARY
In the present paper we have: 1. Applied a new procedure for estimation of the total effective sweat secretion from the human body surface.
Demonstrated
that the discharge of sweat exhibits a close adaptation to the evaportive moisture demands of the environments (as those demands are conditioned by both the temperature and the relative humidity of the atmosphere) so that evaporative heat loss from the body maintains the level necessary to dissipate the heat produced by metabolism.
3. Shown that the increased excretion of sweat associated with high atmospheric humidity at any given air temperature, is accompanied or preceded by an increased cutaneous blood supply-for which process the initial stimulus must presumably be peripheral rather than central, since body temperature does not change appreciably in the process while even skin temperature alters but slightly and temporarily.
4. Indicated on theoretical grounds the upper limits of temperature and relative humidity beyond which this regulative process fails.
